Gene-environment interaction in anorexia nervosa: relevance of nonshared environment and the serotonin transporter gene Non-shared environment, genetics and their interaction have been found to be aetiologically relevant for several psychiatric disorders, including depression 1 and eating disorders. 2 Twin studies suggest that both individual-specific environment (about 40%) and genetic factors (about 60%) contribute to the risk of developing anorexia nervosa (AN). 3 We found evidence for the role of non-shared environmental risk factors (E), a genetic polymorphism, the 5-HTTLPR (G), and their interactions (G Â E) in a sample of sister pairs discordant for AN and found differences between AN subtypes. Figure 1 Unadjusted mean change in IL-6 levels after 6 years of follow-up across depression status and adherence to a healthy (Mediterranean-style) diet. Depressed mood: CES-DX20. Healthy diet: Mediterranean diet scoreX5. IL-6: at baseline, IL-6 was measured with an ultra-sensitive ELISA (CytoScreen Human IL-6, Biosource International Inc., Camarillo, CA, USA). Minimum detectable threshold was 0.10 pg ml -1 and the inter-assay CV was 7%. At 3-and 6-year follow-up, IL-6 was measured using a solid-phase high-sensitivity quantitative sandwich ELISA (Quantikine HS Human IL-6 Immunoassay, R&D Systems, Minneapolis, MN, USA). Minimum detectable threshold was 0.10 pg ml -1 and the inter-assay CV was 7%. In order to make IL-6 measures obtained at baseline comparable with measures from both follow-ups, a pilot study based on 100 randomly selected serum baseline specimens was run using a solid-phase high-sensitivity quantitative sandwich ELISA as described for follow-ups. A regression equation (r-square = 0.79) was developed at the National Institute on Aging to predict the IL-6 sandwich ELISA results from the original ELISA results for the pilot subjects. This equation was then used to predict sandwich ELISA results for all subjects at baseline. The correlation between the estimated high-sensitivity measure of IL-6 and the original measure was high (Pearson's R = 0.89). The estimated high-sensitivity baseline measure of IL-6 was used in this study.
From psychosocial risk factor research in patients with AN, birth complications, high-concern parenting, sexual abuse and adverse life events emerged as key factors. 4 Studies using the extensive Oxford risk factor interview (ORFI) to examine AN found that parenting style, family discord, maternal parenting problems, sexual and physical abuse, and frequent house moves contribute to the development of AN. 5, 6 In a pilot study of sisters, we found that parenting style and sexual/physical abuse were individualspecific, non-shared risk factors for AN. 5 Little is known about the differential environmental risk factors between restricting (AN-R) and binge-purging (AN-BP) subtypes, 4 and there is no study to date using the extensive ORFI instrument to clarify this.
One of the best candidates for inclusion into a risk factor study is the 5-HTTLPR polymorphism in the serotonin transporter gene (SLC6A4); as there is accumulated biological validity, it has been successfully used in G Â E research related to stressors, 7 and it is relevant for AN according to meta-analyses. 8 Gene-environment interactions have been examined in bulimic disorders, that is, BN, EDNOS BN-type and AN-BP type. 9 These studies found an interaction between stress (for example, child maltreatment) and the presence of one or two S-alleles of the 5-HTTLPR, with sensation seeking and insecure attachments as possible mediators. We therefore aimed (a) to examine the role of nonshared environmental risk factors (E), (b) a genetic polymorphism, the 5-HTTLPR (G), and (c) their interactions (G Â E) in a sample of sister pairs discordant for AN, and further (d) to assess whether there were differences in AN subtypes (AN-R vs AN-BP) with respect to the G and E variables. We specifically hypothesized that gene-environment interaction (G Â E) is involved in the aetiology of AN. (For details on individual risk factors, genotype frequencies, number of risk factors present, and results of regression models see online Supplementary information and Supplementary Tables 1-4 .)
In a case-control study with sister pairs discordant for AN, 256 young female adults (128 sister pairs) from three European psychiatric university research centers were examined. Patients and healthy sisters were similar in age (mean = 25.35 (s.d. = 8.1)) vs 25.9 (s.d. = 8.7) years) at the time of interview. In all, 51.2% of the healthy siblings were the younger of the sisters. Diagnostic phenotypic assessments were performed using a lifetime approach, and the environmental factors were investigated using extensive retrospective interviewbased measures focussing on the time before onset of AN. (For details on procedure, recruitment strategy and clinical data, see Supplementary information.)
To examine the associations between AN, G and E, and G Â E interaction, conditional logistic regression was used, with robust coefficient-variance estimates.
Disruptive events (P = 0.015), interpersonal problems (P = 0.019) and dieting environment (P < 0.0001) increased the risk for AN independently of genotype. (For details on individual risk factors and results of regression models, see online Supplementary information.) We also found a significant main effect of the 5-HTTLPR genotype on risk of AN. Significant G Â E interactions were found whereby problematic parenting styles increased the vulnerability in those with LS and SS genotypes in comparison with the LL 5-HTTLPR genotype (P = 0.007 and P = 0.004, respectively) (see Figure 1) .
Developmental risk factors contributed to AN either independently or by an interaction between psychosocial stress (parenting style) and those genotypes of the 5-HTTLPR polymorphism that include an S-allele. Results of this study suggest that further molecular genetic studies may benefit from including rigorous environmental measures.
Of the various models that describe the development of AN incorporating bio-psycho-social aspects of risk and vulnerability, there is one that is pertinent to our findings as it contains the hypothesis that there may be an interaction between genetic predisposition and attachment experiences. 10 Our findings fit with this theory, as we find that only those with the S-allele are susceptible to variations in attachment style, such as high parental control. This may lead to vulnerability with a poorly regulated stress response because of alterations in the HPA axis. 11 In adolescence, life events would then more easily trigger the onset of AN.
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The authors declare no conflict of interest. Recent evidence suggests that an area in the dorsal medial prefrontal cortex (dorsal nexus) shows dramatic increases in connectivity across a network of brain regions in depressed patients during the resting state; 1 this increase in connectivity is suggested to represent hotwiring of areas involved in disparate cognitive and emotional functions. [1] [2] [3] Sheline et al. 1 concluded that antidepressant action may involve normalisation of the elevated resting state functional connectivity seen in depressed patients. However, the effects of conventional pharmacotherapy for depression on this resting state functional connectivity is not known and the effects of antidepressant treatment in depressed patients may be confounded by change in symptoms following treatment.
To test the hypothesis that decreasing the activity of the 'dorsal nexus' might be a potential therapeutic target for depression, we examined the effects of an SSRI (citalopram, 20 mg daily) given for 7 days to 30 healthy (mean age 25 and range±5 years) volunteers, matched for age and gender, with no previous psychiatric history, in a double-blind placebo-controlled design. Resting state data were available for 12 healthy volunteers in the citalopram group and 15 healthy volunteers in the placebo group. We used resting-state functional magnetic resonance imaging and seed-based connectivity analysis, in which we selected the right and left dorsal medial prefrontal cortex from Sheline et al.
1 study as seed regions (see Supplementary Material for details). Such an approach allowed us to examine changes in connectivity early on in treatment and in the absence of changes in subjective state.
As expected, citalopram did not affect mood or subjective state. 4 However, there was reduced connectivity between the left dorsal nexus seed region and the left hippocampus following SSRI administration ( Figure 1 ).
These data indicate that a standard antidepressant medication can modulate resting state functional connectivity between the dorsal nexus region of the brain and parts of the default mode network in healthy, never depressed volunteers and suggest that antidepressant medication may work by rebalancing cortical control in depression.
Although we found functional connectivity between the dorsomedial prefrontal cortex regions in the placebo group and areas such as the dorsal frontal gyrus (BA8, BA9), and also the anterior and subgenual cingulate cortices (BA32, BA25) on the left and right as expected, we only found connectivity with the hippocampus on the left side with the left dorsomedial prefrontal cortex seed region. This helps explain why there was no effect of the drug on the right connectivity between the hippocampus and the dorsomedial prefrontal cortex. Further studies are required to address whether connectivity on the right might be revealed with greater volunteer numbers or with reduced thresholding. Also further studies are required to address whether changes are also seen with antidepressant medication in other brain areas, such as the anterior cingulate and orbitofrontal cortex, with the use of different seed regions, and
